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METHOD FOR ALTERING THE NUTRITIONAL 
CONTENT OF PLANT SEED 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of Us. 
application Ser. No. 08/112,245, ?led Aug. 25, 1993; cur 
rently pending, the disclosure of Which is incorporated by 
reference herein. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to modi?cation of 
the nutritional content of maize seed utilizing preselected 
DNA constructs. More speci?cally, the invention relates to 
the use of preselected DNA constructs to transform maize 
plants so as to alter the levels of proteins, such as seed 
storage proteins, e.g., the prolamines (zeins), in the seeds of 
transgenic maize plants. Thus, the invention provides a 
mechanism to replace nutritionally de?cient proteins With 
nutritionally enhanced proteins, and/or to increase the levels 
of starch, in the seed of transgenic maize plants. 

BACKGROUND OF THE INVENTION 

[0003] In agriculturally important seed crops, the expres 
sion of storage protein genes directly affects the nutritional 
quality of the seed protein. In maize, the prolamine (zein) 
fraction of storage proteins comprises over 50% of the total 
protein in the mature seed. The zeins designated a-zein are 
especially abundant. The a-zein polypeptides contain 
extremely loW levels of the essential amino acids lysine and 
tryptophan. Thus, maize seed protein is de?cient in these 
amino acids because such a large proportion of the total seed 
storage protein is contributed by the ot-zeins (Mertz et al., 
1 964). 

[0004] The development of breeding steps to improve 
maize based on the manipulation of zein pro?le is hampered 
by the complexity of the zein proteins. The term “zein” 
encompasses a family of some 100 related proteins. Zeins 
can be divided into four structurally distinct types: ot-zeins 
include proteins With molecular Weights of 19,000 and 
22,000 daltons; [3-zeins include proteins With a molecular 
Weight of 14,000 daltons; y-zeins include proteins With 
molecular Weights of 27,000 and 26,000 daltons; and o-zeins 
include proteins having a molecular Weight of 10,000 dal 
tons. The ot-zeins are the major zein proteins found in the 
endosperm of maize kernels. HoWever, the complexity of 
zein proteins goes beyond these size classes. Protein 
sequence analyses indicates that there is microheterogenic 
ity in zein amino acid sequences. This is in accord With 
isoelectric focusing analyses Which shoW charge differences 
in zein proteins. Over 70 genes encoding the zein proteins 
have been identi?ed (Rubenstein, 1982), and the zein genes 
appear to be located on at least three chromosomes. Thus, 
the zein proteins are encoded by a multigene family. 

[0005] Based on sequence and hybridization data, the zein 
multigene family is divided into several subfamilies. Each 
subfamily is de?ned by sequence homology to a cDNA 
clone: A20, A30, B49, B59, or B36. Hybrid-select transla 
tion studies Which employ B49 and B36 select mRNAs that 
code for predominantly heavy class (23 kD) ot-zein proteins, 
While A20, A30, and B59 select for predominantly the light 
class (19 kD) ot-zein proteins (Heidecker and Messing, 
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1986). A comparison of zein sequences in each of the 
subfamilies A20, A30 and B49 have identi?ed four distinct 
functional domains (Messing et al., 1983). Region I corre 
sponds to the signal peptide present in most, if not all, zeins. 
Regions II and IV correspond to the amino and carboxyl 
termini, respectively, of the mature zein protein. Region III 
corresponds to the coding region betWeen Regions II and IV, 
including a region Which has tandem repeats of a 20 amino 
acid sequence. 

[0006] There are several mutations knoWn to cause reduc 
tions in zein synthesis that lead to alterations in the amino 
acid content of the seed. For example, in the seeds of plants 
homozygous for the recessive mutation opaque-2, the zein 
content is reduced by approximately 50% (Tsai et al., 1978). 
The opaque-2 mutation primarily affects synthesis of the 19 
and 22 kD ot-zein proteins, causing a signi?cant decrease in 
the level of the 19 kD zein fraction and reducing the 
accumulation of the 22 kD zein fraction to barely detectable 
levels (Jones et al., 1977). In this mutant, there is a con 
comitant increase in the proportion of more nutritionally 
balanced proteins, e.g., albumins, globulins and glutelins, 
deposited in the seed. The net result of the altered storage 
protein patterns is an increase in the essential amino acids 
lysine and tryptophan in the mutant seed (Misra et al., 1972). 

[0007] TWo other recessive mutations,?oury-2 and sug 
ary-1, result in increased levels of methionine in the seed. 
The increased methionine content in the seeds of ?oury-2 
mutants is the result of a decrease in the zein/glutelin ratio, 
due to reductions in the levels of both the 19 and 22 kD 
ot-zein fractions, and an apparent increase in the methionine 
content of the glutelin fraction (Hansel et al., 1973; Jones, 
1978). In sugary-1 mutants, there is a decrease in zein 
synthesis coupled With an increase in the methionine content 
of the zein and glutelin fractions (Paulis et al., 1978). 

[0008] As demonstrated by the opaque-2,?oury-2, and 
sugary-1 mutations, reductions in zein synthesis and/or 
changes in the relative proportions of the storage protein 
fractions can affect the overall amino acid composition of 
the seed. Unfortunately, poor agronomic characteristics (ker 
nel softness, reduced yield, loWered resistance to disease) 
are associated With the opaque and ?oury mutations, pre 
venting their ready application in commercial breeding. 

[0009] Another Way that genes can be doWn regulated in 
animals and plants involves the expression of antisense 
genes. A revieW of the use of antisense genes in manipulat 
ing gene expression in plants can be found in van der Krol 
et al. (1988a;1988b). The inhibition of expression of several 
endogenous plant genes has been reported. For example, 
U.S. Pat. No. 5,107,065 discloses doWn regulation of 
polygalacturonase activity by expression of an antisense 
gene. Other plant genes doWn regulated using antisense 
genes include the genes encoding chalcone synthase and the 
small subunit of ribulose-1,5-biphosphate carboxylase (van 
der Krol et al., 1988c; Rodermel et al., 1988). HoWever, to 
date there has been no description of attempts to use 
antisense technology to alter the nutritional content of seeds. 

[0010] DoWn regulation of gene expression in a plant may 
also occur through expression of a particular transgene. This 
type of doWn regulation is referred to as co-suppression and 
involves coordinate silencing of a transgene and a second 
transgene or a homologous endogenous gene (Matzke and 
Matzke, 1995). For example, cosuppression of a herbicide 
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resistance gene in tobacco (Brandle et al., 1995), polyga 
lacturonidase in tomato (Flavell, 1994) and chalcone syn 
thase in petunia (U.S. Pat. No. 5,034,323) have been dem 
onstrated. Flavell (1994) suggested that multicopy genes, or 
gene families, must have evolved to avoid cosuppression in 
order for multiple copies of related genes to be expressed in 
a plant. 

[0011] Thus, there is a need for a method to alter the 
nutritional content of seeds and produce kernels With good 
agronomic characteristics, including maintaining kernel 
hardness, yield, and disease resistance of the parent geno 
type. Furthermore, there is a need for a method to decrease 
expression of seed storage proteins of poor nutritional 
quality While increasing proteins With higher contents of 
nutritionally advantageous amino acids, such as methionine 
and lysine, and/or While increasing the starch content of 
seeds. 

SUMMARY OF THE INVENTION 

[0012] The invention provides methods Which employ a 
genetically engineered, preselected DNA sequences or seg 
ments to alter the nutritional content of plant seeds. The 
expression of said preselected DNA sequence results in an 
altered protein and/or amino acid composition in the trans 
genic plant, plant tissue, plant part, or plant cell relative to 
the corresponding nontransformed, i.e., nontransgenic, 
plant, plant tissue, plant part, or plant cell. Preferably, the 
seeds of said transgenic plant have an increased amount, 
e.g., Weight percent, of at least one amino acid essential to 
the diet of animals, relative to nontransformed, i.e., non 
transgenic, seeds. An increase in the Weight percent of at 
least one amino acid essential to the diet of animals, e.g., 
lysine, methionine, isoleucine, tryptophan, or threonine, in 
seeds increases the nutritional value of those seeds for 
animal, e.g., feeds for poultry and swim, or human con 
sumption. 

[0013] Thus, the invention provides a method Which com 
prises stably transforming cells of a plant With an expression 
cassette. The expression cassette comprises a preselected 
DNA sequence Which codes for an RNA molecule Which is 
substantially identical (sense), or complementary (anti 
sense), to all or a portion of a messenger RNA (“target” 
mRNA), i.e., an endogenous or “native” mRNA, Which is 
present in an nontransformed plant cell. The target mRNA 
encodes a plant seed storage protein, preferably a protein 
Which is de?cient in at least one amino acid, and more 
preferably de?cient in an amino acid Which is essential to the 
diet of animals. 

[0014] The resultant transformed cells are used to regen 
erate fertile transgenic plants Which in turn yield transgenic 
seeds, Wherein the preselected DNA sequence is expressed 
in the transgenic seeds in an amount effective to substan 
tially reduce or decrease the amount, Weight percent or level 
of a seed storage protein relative to the amount, Weight 
percent or level of said seed storage protein present in the 
corresponding nontransgenic seeds, e.g., seeds of a non 
transformed RO control plant or corresponding nontrans 
formed seeds isolated from the transgenic plant. The seed 
storage protein is one Which is de?cient in at least one amino 
acid essential to the diet of an animal. Preferably, the 
decrease in the amount of the seed storage protein results in 
an increase in the Weight percent of seed storage proteins 
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comprising higher percentages of nutritionally advantageous 
amino acids. The preselected DNA sequence preferably 
codes for an RNA molecule substantially complementary to 
all or a portion of a mRNA coding for a 19 kD or 22 kD 
(x-Zein protein. Areduction in seed storage proteins, e.g., the 
(x-Zeins, may be accompanied by a decrease in the degree of 
kernel hardness. Hardness of the kernel may be enhanced in 
these cases by modi?cation of the kernel phenotype as 
described for the opaque-2 mutation (Lopes and Larkins, 
1991) or by genetically modifying plants to increase the 
levels of certain endosperm proteins such as the 27 kD 
y-Zem. 

[0015] The genetically engineered DNA sequences of the 
invention are “preselected” in that the coding regions con 
tained therein have been isolated in vitro, and identi?ed at 
least functionally. Thus, a “preselected” DNA is a DNA 
sequence or segment that has been isolated from a cell, 
puri?ed, and ampli?ed. The choice of the preselected DNA 
sequence Will be based on the amino acid composition of the 
polypeptide encoded by the sense strand of a preselected 
DNA sequence, and preferably, the ability of the polypeptide 
to accumulate in seeds. Preferably, the number of said 
coding regions has also been ascertained. Also preferably, 
the isolated DNA molecule is “recombinant” in that it 
contains preselected DNA sequences from different sources 
Which, preferably, have been linked to yield chimeric 
expression cassettes. The preselected DNA sequences are 
preferably about 2-3 kb. 

[0016] The invention further provides a method to 
increase the starch content of a plant, plant part, plant tissue 
or plant cell. The method comprises stably transforming 
cells of a plant With an expression cassette. The expression 
cassette comprises a preselected DNA sequence coding for 
an RNA molecule substantially identical, or complementary, 
to all or a portion of at least one mRNA coding for a plant 
seed storage protein. Preferably, the preselected DNA 
sequence is operably linked to a promoter functional in a 
plant and/or seed. Transformed cells are used to regenerate 
fertile transgenic plants and seeds. The preselected DNA 
sequence is preferably expressed in the transgenic seeds in 
an amount effective to decrease the Weight percent of seed 
storage protein in the transgenic seed over the Weight 
percent of seed storage protein present in the corresponding 
nontransgenic seed. The preselected DNA sequence is also 
preferably expressed in the transgenic seeds in an amount 
effective to increase the Weight percent of starch in the 
transgenic seed over the Weight percent of starch present in 
the corresponding nontransgenic seed. An increase in the 
Weight percent of the starch of seeds improves the food 
value of the seed, or its value as a source of starch for use 
in processed food products or in various industrial applica 
tions. Moreover, an increase in starch content in transgneic 
seeds can result in an increase in the starch recovered from 
those seeds. 

[0017] Also provided is a method to inhibit a family or 
subfamily of seed storage proteins. Seed storage proteins 
such as the Zein proteins of maiZe are encoded in a multigene 
family. Portions of the amino acid sequence of, and DNA 
sequences encoding, seed storage proteins in a given family 
share amino acid, and DNA, sequence homology, respec 
tively (termed “family”-speci?c sequences). Other portions 
of the amino acid sequence of, and DNA sequences encod 
ing, a Zein seed storage protein in a subfamily share amino 
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acid, and DNA, sequence homology, respectively, With one 
another (termed “subfamily”-speci?c sequences). A prese 
lected DNA sequence corresponding to family-, or subfam 
ily-, speci?c sequences can be employed to inhibit the 
production of a family or subfamily of zein proteins. An 
expression cassette is provided Which comprises a prese 
lected DNA sequence encoding an RNA molecule Which is 
substantially identical, or complementary, to all or a portion 
of a mRNA that is substantially homologous in sequence 
among members of a family or subfamily of zein proteins. 
The expression cassette Which comprises the preselected 
DNA sequence is then introduced into plant cells, Which are 
regenerated to yield transgenic plants and seeds. The trans 
genic seeds are characterized by substantial inhibition of a 
preselected family or subfamily of seed storage protein. In 
a preferred embodiment, the preselected DNA sequence 
encodes an RNA molecule Which is substantially comple 
mentary to all or a portion of a mRNA coding for a 20 amino 
acid sequence Which is present in multiple, tandem copies in 
the A20 subfamily of the ot-zein proteins. 

[0018] Another embodiment of the invention comprises 
plant cells, plant tissue, plant parts or plants stably trans 
formed With at least tWo preselected DNA sequences. The 
?rst preselected DNA sequence encodes an RNA molecule 
substantially identical, or complementary, to all or a portion 
of a mRNA encoding a seed storage protein, e.g., an endog 
enous seed storage protein, preferably one Which is rela 
tively de?cient in at least one amino acid essential to the diet 
of animals compared to other seed storage proteins. The 
second preselected DNA sequence encodes a polypeptide of 
desired amino acid composition, i.e., a polypeptide com 
prising at least one amino acid essential to the diet of 
animals. The polypeptide, preferably, has physical proper 
ties Which minimize disruption of seed cellular structure and 
therefore grain quality. It is preferred that each preselected 
DNA sequence is operably linked to a promoter functional 
in a plant and/or seed. 

[0019] Following transformation, transformed plant cells 
having the ?rst and second preselected DNA sequences 
stably, i.e., chromosomally, integrated into their genome are 
selected and used to regenerate fertile transgenic plants and 
seeds. The transgenic seeds are characterized by the expres 
sion of the ?rst DNA sequence in an amount effective to 
substantially reduce or decrease the amount, Weight percent, 
or level, of the undesirable seed storage protein, or an amino 
acid present in said protein, over the amount, Weight percent, 
or level, of that seed storage protein, or the amino acid 
present in that protein, Which is present in nontransgenic 
seeds. The transgenic seeds are also preferably characterized 
by the expression of the second DNA sequence as a plant 
protein in an amount effective to yield an increase in the 
amount, Weight percent or level of at least one amino acid 
essential to the diet of animals over the amount, Weight 
percent or level of that amino acid present in nontransgenic 
seeds. 

[0020] In a preferred embodiment, the expression of the 
?rst preselected DNA sequence in transgenic maize seed 
inhibits the Weight percent of 19 kD or 22 kD ot-zein. In 
another preferred embodiment, the expression of the second 
preselected DNA sequence in transgenic seed results in an 
increase in the Weight percent of a 10 kD o-zein protein. In 
yet another preferred embodiment, the expression of the 
second preselected DNA sequence in transgenic seed results 
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in an increase in the Weight percent of a 27 kD zein protein. 
In yet another preferred embodiment, the second preselected 
DNA encodes a synthetic polypeptide, such as MBl (Beau 
regard et al., 1995). MBl is a stable synthetic polypeptide 
highly enriched in amino acids essential for animal nutrition 
(e.g., methionine, threonine, lysine, and leucine) Which also 
adopts an ot-helical conformation. The synthetic polypeptide 
MBl shares some properties of maize zein proteins, e.g., 
MBl is alcohol soluble and contains multiple ot-helical 
domains. HoWever, other polypeptides, synthetic and natu 
rally occurring, With preselected desired amino acid com 
positions, and genes coding therefor, could be employed in 
the practice of the invention. As used herein, the term 
“polypeptide” includes protein. 

[0021] The invention also provides a method to increase 
the amount, Weight percent or level of a polypeptide in a 
plant. The method comprises stably transforming plants, 
plant cells, plant tissue or plant parts With a ?rst preselected 
DNA sequence Which encodes a seed storage protein and a 
second preselected DNA sequence Which encodes at least a 
portion of a preselected, desired polypeptide. The polypep 
tide may be encoded by the genome of the nontransformed 
plant or plant cell (“endogenous” or “native”), or, altema 
tively may not be native to, i.e., present in, the genome of the 
nontransformed “Wild type” plant or plant cell (termed 
“heterologous,”“non-native” or “foreign”). Preferably, the 
second preselected DNA sequence encodes a bacterial 
enzyme, e.g., AK, DHDPS, EPSPS, a bacterial toxin, e.g., 
the crystal toxin from Bt, a seed storage protein, e.g., Z27, 
or a non-maize seed storage protein, such as nut and legume 
seed storage proteins. See, for example, U.S. Pat. Nos. 
4,769,061; 4,971,908; PCT/US90/04462; PCT[WO89/ 
11789; and Altenbach et al. (1989). 

[0022] Transformed plant cells having the ?rst and second 
preselected DNA sequences stably, i.e., chromosomally, 
integrated therein are selected and used to regenerate fertile 
transgenic plants and seeds. Transgenic seeds of the inven 
tion are characterized by substantial inhibition of the expres 
sion of at least one seed storage protein. The second prese 
lected DNA sequence is expressed in said transgenic seeds 
in an amount effective to increase the Weight percent of at 
least one amino acid present in polypeptide encoded by the 
second preselected DNA sequence relative to the Weight 
percent of that amino acid in nontransgenic seeds. Altema 
tively, the second preselected DNA sequence is expressed in 
transgenic seed in an amount effective to increase the 
amount, Weight percent or level of the polypeptide relative 
to the amount, Weight percent or level of the polypeptide 
present in a seed transformed With the second preselected 
DNA sequence alone. 

[0023] The invention also provides preselected DNA 
sequences and expression cassettes useful in the methods 
described above, as Well as fertile transgenic plants and/or 
seeds produced thereby. Preferred fertile transgenic plants 
and seeds of the invention exhibit an increase in the Weight 
percent of at least one amino acid essential to the diet of 
animals and/or an increase in the starch content. The fertile 
transgenic plants and seeds are used to generate true breed 
ing plants so that lines of plants can be developed Which 
transmit the increase in amino acid or starch content in a 
dominant fashion While still maintaining the functional 
agronomic characteristics of elite inbred lines. Other 
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embodiments of the invention include plant cells, plant 
parts, plant tissue and microorganisms transformed With the 
preselected DNA sequences. 

BRIEF DESCRIPTION OF THE FIGURES 

[0024] FIG. 1 is a schematic depicting the functional 
domains of Zein proteins. A consensus amino acid sequence 
for each of the Zein subfamilies is shoWn. Domains I-IV are 
shoWn. ShoWn in Region IIIb is a consensus of the repetitive 
portion of the Zein proteins. Asterisks indicate a lack of 
consensus at that position. Dots represent gaps inserted to 
align the sequences. 

[0025] FIG. 2 is the RNA sequence ofA20 (SEQ ID NO: 
1). 
[0026] 
[0027] FIG. 4 shoWs oligonucleotide primers Which target 
the cap site (A) (SEQ ID NO9 and SEQ ID NO: 10), domain 
IIIB (B) (SEQ ID NO:11 and SEQ ID NO:12), and the 
poly(A) region (C) (SEQ ID NO:13 and SEQ ID NO:15) of 
the Z4 gene. 

[0028] FIG. 5 shoWs SDS-PAGE analysis of Zein extracts 
from individual kernels of segregating populations resulting 
from R1 crosses of a hemiZygous transformant (GW01) 
carrying pDPG340 and pDPG380 to nontransformed 
inbreds, and R2 self-pollinations. Lanes 1-8 contain Zein 
extracts from R2 kernels crossed to CN in the R1 generation 
and self-pollinated in the second generation. Lane 9 contains 
Zein extract from untransformed CN. Lanes 10-17 contain 
Zein extracts from R2 kernels crossed to AW in the ?rst 
generation and self-pollinated in the second generation. 
Lane 18 contains Zein extract from untransformed AW. Lane 
19 contains molecular Weight markers. 

[0029] FIG. 6 shoWs SDS-PAGE analysis of Zein extracts 
of vitreous or opaque kernels from segregating populations 
resulting from crosses of hemiZygous pDPG530 transfor 
mants to untransformed inbreds AW and CV. KP014><AW 
(lanes 1-2); AW><KP014 (lanes 3-4); KP015><AW (lanes 
5-6); AW><KP015 (lanes 7-8); CV><KP015 (lanes 9-10); 
AW><KP015 (lanes 11-12). Lanes 13-19 are AW, CV, ILP, 
IUP, AK835 opaque, AK835 normal, and W64A opaque, 
respectively. Lane 20 contains molecular Weight markers. 

[0030] FIG. 7 shoWs SDS-PAGE analysis of Zein extracts 
of proteins from individual kernels of segregating popula 
tions resulting from crosses of hemiZygous transformants 
and untransformed inbreds. pDPG530 transformant KP015 
(AW><KP015, lanes 1-2; CV><KP015, lanes 3-4; KP015>< 
AW, lanes 5-6, and KP016 (CV><KP016, lanes 7-8; KP016>< 
AW, lanes 9-10) and pDPG531 transformant KQ018 
(KQ018><AW, lanes 11-12). Lanes 13-18 are untransformed 
controls CW, AR, CV, AW, W64A, O2 and W64A, respec 
tively. Lanes 19-20 contain molecular Weight markers. 

[0031] FIG. 8 shoWs (x-Zein mRNA levels in developing 
kernels from a segregating population resulting from crosses 
of hemiZygous pDPG530 and pDPG531 transformants to 
untransformed inbreds AW and CV. AW><KP015 (pDPG530 
transformant; lanes 1-10; top panel); KP015><AW 
(pDPG530 transformant; lanes 11-20; top panel); 
CV><KP015 (pDPG530 transformant; lanes 1-10; loWer 
panel); and KQ002><AW (pDPG531 transformant; lanes 
11-20; loWer panel). Kernels Were isolated 21 days post 
pollination. 

FIG. 3 is the DNA sequence of Z4 (SEQ ID NO:2). 
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[0032] FIG. 9 shoWs the ultrastructure of pDPG530 trans 
formed (right) and untransformed (left) kernels. 

[0033] FIG. 10 shoWs SDS-PAGE analysis of Zein 
extracts from segregating populations resulting from crosses 
of pDPG53 1 transformants to untransformed inbreds AW 
and CV. CV><KQ012 (lanes 1-4); KQ012><AW (lanes 5-8); 
KQ020><AW (lanes 13-15); KQ020><CV (lanes 16-19). Con 
trols CW, AR, CV and AW (lanes 9-12, respectively). Lane 
20 contains a molecular Weight marker. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0034] As used herein, “substantially identical” or “sub 
stantially homologous” in sequence means that tWo nucleic 
acid, or amino acid, sequences have at least about 65%, 
preferably about 70%, more preferably about 90%, and even 
more preferably about 98%, sequence identity, or homology, 
to each other. An RNA molecule encoded by a ?rst prese 
lected DNA sequence of the invention has suf?cient 
sequence identity or homology to cause co-suppression of 
the expression of the homologous endogenous gene or 
expression of a second preselected DNA sequence Which has 
substantial identity to the ?rst preselected DNA sequence. 

[0035] As used herein, “substantially complementary” 
means that tWo nucleic acid sequences have at least about 
65%, preferably about 70%, more preferably about 90%, and 
even more preferably about 98%, sequence complementarity 
to each other. A substantially complementary RNA molecule 
is one that has suf?cient sequence complementarity to the 
mRNA encoding a seed storage protein to result in a 
reduction or inhibition of the translation of the mRNA. 

[0036] As used herein, “substantial reduction,” or “sub 
stantial decrease” means that a transgenic plant, plant part, 
plant cell or plant tissue has a reduced or decreased amount, 
level or Weight percent of a particular amino acid, or 
polypeptide, relative to the amount, level or Weight percent 
of that amino acid, or polypeptide, in the corresponding 
nontransgenic plant, plant part, plant cell or plant tissue. 
Preferably, the decreased amount, level or Weight percent of 
that amino acid, or polypeptide, in the transgenic plant, plant 
part, plant tissue or plant cell is about 10- 100% and more 
preferably about 70%- 100%, and even more preferably 
about 80-100%, relative to the amount, level or Weight 
percent of that amino acid, or polypeptide, in the corre 
sponding nontransgenic plant, plant part, plant cell or plant 
tissue. 

[0037] As used herein, “increased” or “elevated” levels, 
amounts or Weight percents of a polypeptide or amino acid 
in a transformed (transgenic) plant cell, plant tissue, plant 
part, or plant, are greater than the levels, amounts or Weight 
percents of that polypeptide or amino acid in the correspond 
ing untransformed plant cell, plant part, plant tissue, or 
plant. An increase in the Weight percent of an amino acid is 
an increase of about 1-50%, preferably about 5-40%, and 
more preferably about 10-30%, in the Weight percent of the 
amino acid in a transgenic plant, plant part, plant tissue, or 
plant cell relative to the Weight percent of that amino acid in 
a corresponding nontransgenic plant, plant part, plant tissue, 
or plant cell. An increase in the amount of a polypeptide in 
a transgenic plant, plant part, plant tissue or plant cell is 
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preferably at least about 2-100 fold, more preferably at least 
about 3-80 fold, and even more preferably at least about 
5-30 fold, relative to the amount of that polypeptide in the 
corresponding nontransgenic plant, plant part, plant tissue or 
plant cell. 

[0038] For example, the average lysine content in maize 
seed is about 0.24-0.26%, the average methionine content in 
maiZe seed is about 0.17-0.19%, and the average tryptophan 
content in maiZe seed is about 0.08-0.10% (Dale, 1996). 
Thus, the expression of a preselected DNA sequence of the 
invention in seeds results in an increase in content of 
methionine, tryptophan or lysine in those seeds. The amino 
acid composition of a polypeptide can be determined by 
methods Well knoWn to the art (Jarrett et al., 1986; Jones et 
al., 1983; AACC, 1995). 
[0039] As used herein, “genetically modi?ed” or “trans 
genic” means a plant cell, plant part, plant tissue or plant 
Which comprises a preselected DNA segment Which is 
introduced into the genome of a plant cell, plant part, plant 
tissue or plant by transformation. The term “Wild type” 
refers to an untransformed plant cell, plant part, plant tissue 
or plant, i.e., one Where the genome has not been altered by 
the presence of the preselected DNA segment. 

[0040] As used herein, “plant” refers to either a Whole 
plant, a plant tissue, a plant part, such as pollen or an 
embryo, a plant cell, or a group of plant cells. The class of 
plants Which can be used in the method of the invention is 
generally as broad as the class of seed-bearing higher plants 
amenable to transformation techniques, including both 
monocotyledonous and dicotyledonous plants. Seeds 
derived from plants regenerated from transformed plant 
cells, plant parts or plant tissues, or progeny derived from 
the regenerated transformed plants, may be used directly as 
feed or food, or can be altered by further processing. In the 
practice of the present invention, the most preferred plant 
seed is that of corn or Zea mays. The transformation of the 
plants in accordance With the invention may be carried out 
in essentially any of the various Ways knoWn to those skilled 
in the art of plant molecular biology. These include, but are 
not limited to, microprojectile bombardment, microinjec 
tion, electroporation of protoplasts or cells comprising par 
tial cell Walls, and Agrobaclerium-mediated DNA transfer. 

[0041] As used herein, the term “a seed storage protein 
de?cient in at least one amino acid that is essential to the diet 
of an animal” means that the protein has a loWer than 
average Weight percent of at least one amino acid Which is 
essential to the diet of an animal. Amino acids Which are 
essential to the diet of animals include arginine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, 
threonine, tryptophan and valine. Preferred amino acids 
Which are essential in the diet of animals include methion 
ine, threonine, lysine, isoleucine, tryptophan, and mixtures 
thereof. Aplant seed storage protein can contain one or more 
of these essential amino acids. For example, the average 
Weight percent of lysine in a maiZe seed is about about 
0.24-0.26%. Thus, a seed storage protein, such as an (x-Zein, 
Which does not comprise lysine, is de?cient in lysine. The 
average Weight percent of a particular amino acid is deter 
mined by methods Well knoWn to the art. 

[0042] As used herein,“isolated” means either physically 
isolated from the cell or synthesiZed in vitro in the basis of 
the sequence of an isolated DNA segment. 
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[0043] As used herein, a “native” gene means a DNA 
sequence or segment that has not been manipulated in vitro, 
i.e., has not been isolated, puri?ed, and ampli?ed. 

I. DNA Molecules of the Invention 

A. Isolation of Preselected Sense and Antisense DNA 
Sequences 
1. ot-Zein Seed Storage Proteins 

[0044] A genetically engineered, isolated puri?ed DNA 
molecule useful in the invention can comprise a preselected 
DNA sequence encoding an RNA molecule substantially 
homologous, or complementary, to all or a portion thereof of 
a mRNA coding for a plant seed storage protein, e.g., one of 
the (x-Zein proteins. As used herein, a “seed storage protein” 
is a protein Which is one of the major proteins in mature 
seeds of plants such as maiZe, and comprises a signal peptide 
sequence at the amino terminal end of the pre-form of the 
protein, and Which comprises a tandem repeat of amino acid 
sequences in the mature form of the protein. 

[0045] Plant seed storage proteins or Zein proteins include, 
but are not limited to, Zein proteins, such as (x-Zeins, e.g., 
proteins of 19,000 and 22,000 daltons; [3-Zein proteins, e.g., 
proteins With a molecular Weight of 14,000 daltons; y-Zein 
proteins, e. g., proteins With molecular Weights of 27,000 and 
16,000 daltons; and o-zein proteins, i.e., proteins With a 
molecular Weight of 10,000 daltons. Certain seed storage 
proteins are de?cient in at least one amino acid essential to 
the diet of animals. For example, the 19 kD and 22 kD 
(x-Zein proteins contain loW levels of the amino acids lysine 
and tryptophan Which are essential to the diet of animals. 

[0046] In an alternative embodiment, the preselected DNA 
sequence is expressed as a RNA molecule that is substan 
tially complementary to, or identical to, respectively, all or 
a portion of a family-, or subfamily-, of seed storage protein 
speci?c mRNA. The RNA molecule, or corresponding DNA 
sequence, has about 65%, or more preferably 90%, nucleic 
-acid sequence homology or complementarity With other 
RNA, or DNA, respectively, sequences Which encode seed 
storage proteins of the same family or subfamily. The 
expression of a preselected antisense DNA sequence sub 
stantially inhibits translation of the complementary mRNA, 
While the expression of a preselected sense DNA sequence 
results in cosuppression of the expression of endogenous 
DNA sequences encoding the homologous seed storage 
proteins. A preferred preselected DNA molecule encodes an 
RNA molecule Which is complementary to the DNA 
sequence Which encodes the tandem repeat region of 20 
amino acids of the same family or subfamily of seed storage 
proteins. 
[0047] The preselected sense or antisense DNA sequence 
can encode an RNA molecule preferably having about 15 
nucleotides to 2,000 nucleotides and more preferably about 
50-1,000 nucleotides. The DNA sequence can be derived 
from the 5' terminus or the 3' terminus and can include all 
or only a portion of the coding and/or noncoding regions. It 
Will be understood by those of skill in the art that a sense or 
antisense DNA sequence should provide an RNA sequence 
having at least about 15 nucleotides in order to provide for 
substantial inhibition of the expression of the mRNA coding 
for the seed storage protein. 

[0048] The preselected DNA sequences of the invention 
are obtained by cloning a DNA molecule, sequence or 
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segment Which encodes, and can be expressed as a mRNA 
of, a seed storage protein. Portions of the preselected DNA 
sequence can also include noncoding nucleotides located at 
either the 5' or 3' ends of the sense coding sequence. A 
preselected DNA sequence Which encodes an RNA sequence 
that is substantially complementary to a mRNA sequence 
encoding a seed storage protein is typically a “sense” DNA 
sequence cloned in the opposite orientation (i.e., 3' to 5' 
rather than 5' to 3'). A sense DNA sequence encoding a seed 
storage protein can be cloned using standard methods as 
described in Sambrook et al. (1989), and U.S. Pat. No. 
5,508,468. 

[0049] A subfragment of a preselected DNA sequence 
Which encodes a full-length seed storage protein can be 
generated using restriction enzymes. The subfragment is 
preferably selected based upon the knoWn functional 
domains of seed storage proteins. A seed storage protein has 
at least four different functional domains: a signal peptide 
domain, a domain Which includes the amino terminal por 
tion of the mature protein Which is located doWnstream of 
the signal peptide, a domain Which includes tandem repeats 
of a. 20 amino acid sequence Which is located doWnstream 
of the amino terminus of the mature protein, and a domain 
Which includes the carboxy terminus of the protein. The siZe 
and location of these functional domains in the (x-Zein 
proteins are shoWn in FIG. 1 and can be determined for 
other seed storage proteins by comparing the amino acid 
sequence of other seed storage proteins to the amino acid 
sequence of the (x-Zein proteins. 

[0050] Suitable examples of preselected DNA sequences 
that can provide all or a portion of a sense or antisense seed 
storage protein, e.g., (x-Zein, DNA sequence include cDNA 
clones A20, A30, B49, B59, B36, Z4, and Z15 prepared as 
described by Messing et al. (1983). Preferred cDNA clones 
are an A20 clone, Which encodes a 19 kD (x-Zein protein, and 
a Z4 clone, Which encodes a 22 kD (x-Zein protein. Portions 
of the Z4 and the A20 DNA sequences can be generated With 
restriction endonucleases. 

[0051] It is also contemplated that preselected DNA 
sequences homologous or complementary to any portion of 
the A20 or Z4 RNA, in vectors appropriate for expression in 
plants, may be used to substantially decrease the production 
of seed storage proteins. Examples of such DNA sequences 
are sequences Which may be homologous or complementary 
to the 5' region of the DNA or RNA sequence such as the 3' 
region of the promoter and the cap site (FIG. 4A), or the 3' 
region of the gene such as the AATAAA-like polyadenyla 
tion signal, upstream of the poly(A) tail (FIG. 4C). It is 
further contemplated that a preselected DNA sequence 
homologous or complementary to a conserved domain com 
mon to more than one gene in a gene family or subfamily, 
such as domain lllB or one or more of the other domains 

shoWn in FIG. 1, may also be useful to substantially inhibit 
the expression of members of the gene family or subfamily 
(FIG. 4B). It is further contemplated that the preselected 
DNA sequence may encode an RNA molecule Which is 
substantially identical to all or a portion of a mRNA encod 
ing a seed storage protein, e. g., a preselected DNA sequence 
encoding a RNA molecule substantially identical to the 
mRNA encoding 10 kD Zein, 27 kD Zein, or MB1. 

[0052] In a preferred embodiment, a sense DNA sequence 
encoding a 19 kD (x-Zein protein and/or a sense DNA 
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sequence encoding a 22 kD (x-Zein protein is prepared from 
a cDNA library generated from endosperm tissue as 
described in Hu et al. (1982) and Geraghty et al. (1982), 
Which are hereby incorporated by reference. The cDNA 
clones encoding a 19 kD (x-Zein protein and/or a 22 kD 
(x-Zein protein can be characterized by standard methods 
such as DNA hybridiZation or detection of gene expression 
by immunotechniques including Western blot analysis. The 
presence of the coding sequence of the 19 kD or 22 kD 
(x-Zein protein can be con?rmed by DNA sequencing. 

2. Other Preselected DNA Sequences 

[0053] Another preselected DNA sequence useful in the 
method of the invention encodes a polypeptide, including a 
plant protein, comprising at least one amino acid essential to 
the diet of animals operably linked to a promoter functional 
in a plant and/or seeds. The expression of the preselected 
DNA sequence, coding for the polypeptide comprising at 
least one amino acid essential to the diet of animals, in a 
plant cell provides for an increase in expression of the 
polypeptide so that the Weight percent of the amino acid 
residue is substantially increased in the plant regenerated 
from the transformed plant cell, or seed derived from said 
plant, over the amount normally present in the correspond 
ing untransformed plant or seed. Preferably, the preselected 
DNA sequence is co-transformed into plant cells With a 
second preselected antisense or sense DNA sequence, the 
expression of Which results in the inhibition of expression of 
a seed storage protein relatively de?cient in an amino acid 
essential in the diet of animals. 

[0054] The preselected DNA sequence coding for a 
polypeptide comprising at least one amino acid essential in 
the diet of animals may be a polypeptide expressed in a plant 
seed, such as a 10 kD Zein protein. Other polypeptides that 
contain one or more amino acid residues essential in the diet 
of animals include the synthetic polypeptide MB1 (Beaure 
gard et al., 1995). It is contemplated that any gene encoding 
a naturally occurring polypeptide, or a synthetic polypep 
tide, that contains at least one amino acid essential in the diet 
of an animal may be used in the present invention. The Z10 
and MB1 proteins are illustrative of a naturally occurring 
protein and a synthetic polypeptide, respectively, although 
one of skill in the art Will realiZe that many other proteins are 
useful in the practice of the present invention. 

[0055] The preselected DNA sequences encoding these 
polypeptides can be obtained by standard methods, as 
described by Sambrook et al., cited supra. For example, a 
cDNA clone encoding a 10 kD Zein protein can be obtained 
from maiZe endosperm tissue, as described by Kirihara et al. 
(1988). The DNA sequence is then preferably combined 
With a promoter that is functional in plant cells or seeds. The 
preferred promoter is a promoter functional during plant 
seed development, such as the Z27 or Z10 promoter. 

[0056] The gene encoding the synthetic polypeptide MB1 
is obtained from Mary A. Helford (Center for Food and 
Animal Research, Agriculture and Agri-Food Canada). The 
preselected DNA sequence encoding a synthetic polypeptide 
such as MB1 is operably linked to a signal sequence derived 
from a seed storage protein. For example, the MB1 DNA 
sequence can be operably linked to the 15 kD Zein signal 
peptide sequence. 

[0057] It is also contemplated that a preselected DNA 
sequence encodes a desirable seed storage protein. Thus, the 


























































